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Abstract of JP2001 21 7400 

PROBLEM TO BE SOLVED: To provide a 
method of forming a conductive barrier layer 
on a dielectric layer on which a semiconductor 
device is to be fabricated. 
SOLUTION: This method comprises a process 
of forming the dielectric layer (112 in Figure 
7d) which has an upper and a bottom face and 
an opening extended from the upper face 
toward the rear face and which includes a 
conductive plug (704 in Figure 7d) having an 
upper face nearly flush with the upper face of 
the dielectric layer, a process of exposing the 
upper face of the dielectric layer and that of 
the conductive plug to a gas selected from a 
group of gases prepared by arbitrarily 
combining argon, nitrogen, hydrogen, and 
CH4, with the gas being contained in a high- 
temperature atmosphere or plasma, and a 
process of forming the conductive barrier layer 
on the upper faces of the dielectric layer and 
conductive plug after exposing these upper 
faces to the said gas. 
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X -)i'^^7U/{)»iV^D. C:c7)ir^ .|t^)l{±, T i , N i 
X^iC o . m, X{i Y-\^yX^ixtz0'm¥B-y'J 3 yc.) 
J:o^j:z-^ts) . y-(t-/r\'jrmu, XyXl 14 

tmmt^mi 1 2t<7)ra^(cfBE!t$iitt., x{4$ii^< 

T i> J: yA -Y-Zts '.; Til 1 6 (4. 0 1 it 
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•C« D , t!tS L < ii. T i , T i N , T a S i N . T 
a . T a N , T i S i N , <I ilh<;)7..9 ••/ , .X{i3i'^ 

9 y V \t , mt L < (i , v vi ymmLii 

[00 2 5] 1^*11 1 2{i. iSifi Kti, ^5i\ jr- 

r(± , -fb^lKWiiHScO J: 3 f^ffl IT „. 

i'LhZ.>l,Zti:hI^\Oy,^ A IN, Si;:;N4, TiOj, 
. Z r O. , XJiT a 0,.7) J; o 112 c7:)±mja 

f§t . nn^iifz^w.'^ r/x -y ^ • a h -/ nm^ 

•c i J: V \. c OtetJ: An \) T{± . .y ^ >• ySilii 5r ffi.^ L X 

c 0 0 2 6 ] :3 >^ ^ v^.\.z\m-thA ^i\.-im.<7m^ 

VX , ^ N y X > Y^m^)-^^ t ^ti: $ h . Wf^-^£ F e 
R A M ^m. "t'Jp.- >iW\-(D I <. y 9 X y K filJIlSti . 

Se-'-C . >< ,^ y i -fcr-v 3 > 11, A 1 .X(i:C u .>5;^ . 

tft L <{±, c u//^--7v> • rru-^^zawzmWi 
U}-^lts:-h^h. mz. y'-7yymmzh^^xmjS.^iifz 

CuRX/A 1 ^X-y^y^tXiX^y, T,/l-SXT>i, . 
;^ ^7 5> -f -tf- 3 > (1, t!f S L < Ji , C D V y 

> • Ty ^XiiA 1 ry fT^l . tfzA 1(1, L 
<(1, XI, :7 hov-^^'V-> gyffifiLSrES^-t^TtS^ 

L <(i. T i NRX/./XiiT i ^-^t^. ^I;^:? 
7^-t:-i'-3>{l, if^L<{l, Ti. Ti N, TaS 
i N, Ta . mit-^'ylS^ilRV^/XHT i S i NHuWi^s 

\) Tr^g-t'S c u XMW7°5 . m^^mmi^m 

(Hif^^rL) (1. ^&K/mi§mf* ( I LD) Jl (i^m 
f*/i 1 1 2 , 13 4, RV^ 160) ratiSfiS^iiT i> J; 

gfL>- y 3 y, Rsfty -fS, S i CNOX{ll§£i/lJ 3 

> { rf i L < {i . iSSSr y it ) ^Kcl.Ml 
X , U.^/l^rac7.)i^l|ftl 112, 1 3 4 , .i^i;^' 1 6 0 
ti. 4FiL-<(l, iSfW^I. FSG, PSG, BPSG, 
PETEOS, HDP^fM%, afl:i"J3>\ KSft>- 

mitt^Kli. SiLK, ^TLttSiLK, t^7Q> 
. f£K4-:>Jv {^-^^ ^7L1±) s xry 



. < Jl , ^-m:\-/j' h ti: h 7' 7 / 1 3 6 WS 15 0^, 

2fmi 4 4 jtc^i.e 4 hit. r\t L<{i, A 

A a-'b-^t^ L < (±X ^ y. ) 4' h < U T / 7 -f 

-}i , Ty v'<.A'mo~Mwm t o^mi^zm^^Kx 

m^^ixtzb tli. (11 
3S&U14Si:, ^-fi— 142,. 146, 1 62^ 
V I 6 6 LTS^iit v^S ) (±,. tif S L< Ji, T i , 
TIN, W, gfL^> ^'■■;7.-r> , Ta, m.\t9ySil. 
iiSS'^^r^) i'5tO)S A-ij T 7 ^ ^-H, X{i-cii.''.i7,)ffi 
A-^i.,-y:X{i:x -y , fflP^Sf^HHsS.L':' 

7-7 i^-'Wi^d , F e R Amc)fmm t w^iL^mxt^:ml 

I L D (cMjI-T ^ O ) t J; 0 , F e R A m)BMM 
(1. 1^6 0 0X(16 5 OT.;*iif^-WL«"^-i'.^-U;, I 

§{1, F e RAMiOSft®{ffi&|g(cM:i'-§ 

1 1 2(1. ( Y-\^y9'1^iifiRU/X\iY-\^y9-^ 
iitv^^v^) Kfl:> i;rj>. gft^ijrjy, .ay/Xti 

[0027] K/L- 1 2 7 (±, F e R AM-t;L ( F e R 

Amm=^'jjL-iv) kzmm-thi.ohzm'a^ixh, f 
e RAM;9ag^v-^i-ym. mnmM-hmmmMcriay 

t-SJiP$-li-|.C>:tir< . ma^miz^^. mz^ z<^)U 

<iiu . mmm^^ "tut Sir pitg^r t' -y h imfSTFi^z 

tiyTy-^i-^ltiF e RAM^-v <-f x*-nri{5(-::-r^o 

0 5 (Cl 1 2 7 SrJPM LX ^ tt. F e R AMtVn 
-< 7.$rffMt^C hd^tlj-C-ifcl. . ^tot , F e RAM 
gPl 0 3(1, m?!<l 0 5 J: Dili 2 7^0iS$fJ(t;5<^' 

[0 0 28] FeRAM£7;)3yry-tf 1 2 5(1, vKo 
^^5Dlz)^ -S . N 'J TS 1 2 2 (1 , 7" 7 / 1 1 

tihh I t^Mz J; o ffM $ fiT ^ , ffiJfiSt ^i\t£<X 
icfcv>, Jgfj5t$iX7^,:i:§{l. ^mtt^N'JTll 2 2(1, 
iff t L < (1 , T i A 1 NX{lffii7>MX£DaI|[gy < ij T ( ^ 
c7)ot>c7)i,v<07:?>{l, T i nb)ctW.LXMvmkM.m.7: 
^th) ftlliO|||S[C^)^Bg^^ 'J Til, TaSi 

N, TiSiN. TiN. TaN, HfN, ZrN, H 
f A 1 N . C r N , T a A 1 N , C r A 1 NXdffi^Off 

ii.7m%mm^-t^, c^riicon^d, i!?iL.<{i, 6 

0 II m ( 0. 1 S u in f7(C*:| L T ) Wm^X'h h . 
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t h M t L I >ttaKft(i: , A r + N 0 Mi A r + N H3 ^ 

fH"7H&i;$iiSffi««#{i:, ftmmB^^a (CV 
- E) ) X\i.y'yX-? ■ :Ly>\yx HC VD ( P E C V D ) 

^-..h*{±, mm^z. '\mz:h^vmM\nzmmt. zn 

Ji , ^ < *7.)l§^-TttS $ f lS , n t L\ > W 3 > 9 9 V 0) 
i:^^(c. .Itm, 21telS5vVijr*tt!tt-2.W/*f^L 
t m C V D T i N ( 4 0 n m//|!-T-i Ll > ) ar 
ttai . P VD T i A 1 N ( 3 0 nm»i<if 4 > ) t!;: 
^< ,. Mi^Si L I'^iTiHi, T 1 A 1 N ( - 6 0 rim ) <7) 
CVDXiiPECVDttffC- T i A I N(Cfc{t^-> 
T;i, 5 - »^A50S4 L 1. ^it^a, #^3 0--b O^ijA 1 f 

^h') , itnm.^^'&M-^hfzmzA 0-5 o%5iu 0 

'J ^^*6(.C , ^mtt' < 'J T® 1 2 2 ±(c XfllM*® 1 
1 2 J:(C, 3 >-T >-<f 1-2 5 iOKSJIffi 12 4 *li:jf.ff^ 
oJct S . m± L < {± , JS^mSii. J¥$25-100n 

-f i; vj."^ A , Kfb-'f 'J > A . P t , P d . P d O 
N, Au, Ru, FtuOj, Rh, RhOj. LaSrC 
oO,5, (Ba. Sr) RuO;, L a N i Ojl^ t < {.d 

•^W/M^^-C'^)-?.. PZT=J>T>-^ffl{cff4 Lv^S 
ii'lfiiH , 5 0 n m I r Av. Xti 3 0 n m I r O, m/ 

I rO,(C*ttl.g:iEtt7./^y 5'Jt!l- (Ar + 0,) l-J: 

(^)s^-hzmim-?:>fzi^iz. MtKii. &mmm(7)!ic:i] 

-il-^mi. 4 0 0-6 0 0 X-C'SgSg^'XXii^i-glS/f 
-X<7)jff^-!f?5c|alc2-l 0 »^-C'J)|., ::iOT--yUi:. 



[0 03 0] 3 yry^immi. rmmm±^zm^^ 

ill ( -v 7" 2 0 8 ) .> n > -r y-tMl;* 1 2 6 {i , 

irt i <(i. J?$ 1 3 0 II in ( x mtK (±. /i'? 1 ■ 

0 0 ri m^m. MhiS-tKU. 5 0 n m*ii) t'- 

Pb ( Zr. T i ) O3 (PZT--^> ,5';1 • : 

rj >ssiais ) ^) J: 3 Ki:mmmmt . V t- ( N 

b. La, Ta) , T^-tr^ ( M n, Co. Fe, N 

1 . A 1 ) RV'/XimiTl^zX 0 K-f > /$tL/>PZ 
TV, S r T i O3 . B a T i O.XliC a T i Oo tZ J; 
0 H-t><7-$ii, fj>-:>^Mz^tLtzPZTt . .-^ 
/I • fx-;'7s ■ xhoyf-i'^i. (SBT) h. i^'yrJ' 
)i ■ -::^7W&\i'X-?X ■ X h O jl'^Is ( S B N 

T) ^Kii^y^.ii ■ tx-7X. ^y^ii ■ t'x-7 

X, BaTiO., PbT i Osi^KtiB i 2T i O;,;?:) 
J: 0 tcMO^n 7X. * -f h if i: . " tc^. P Z T {± , 
v5i-g , T±U^miM)m^<^)M iy fit v?Jiiiiag & ^ 

intmmizmMm^<^-)tx'r'j>9. ■ n-?-) ^mitz 

ihlz , ^ix^m^ 2 0 / 8 0 T it) I. , 
[0 03 1 ] mib 5 /3 5^itW&Vj:Z r /T i <Dm 

(clif J L V ^ i iT]) t^j:l. h hvp h m^liZio v^X.%'dQ. 

0 5-1 % ■ K-^N->>{;J; D K^- • F-t:'> 
/$il/iPZT^^-^l,^>:*W4 L^v, F^-- K- 

vi> F{j:, TfM > b;XPiBm4'^*lfp-rScO^S}:i1-|.^ 
tlzl^. PZTc7)fffl'ti^eii#t--g.. ^iLi^cotMNs 

(MOCVD) X-hh, MOCVDJi, MW. (EP^^IPS 

1 0 0 nm*}i£7)M) f^zmzmt jir^PZTti, 

/:ja6tc. J; 0^-^'V^$rt4) {^z-fUmzmi^X^mi^Xh 
oT, iOffi'^^mEiJf^ ({5{?|5]-c7j^$iJl:#{:ML-C 

iOtev^^tijmE) i:mv<z-th. -iiy^y^mmi-^ 
is-r-TtA-7Tx.ta{cttm$ii- <js:i^-c-d^x n -itmr 
i ^mw&m^zn ix'iihixi. , .-kx hmaiSB^Bftr- 

-ilU. l:®tSaX(i--KX h ■ n>-7-'>'^f ■ x-v^>7' 
• T--;i,0i; ;f:xhJtSf^(-. XfiawaiS 
f5icE^>(c||^f$ii-C^oJ;vv, ifSLt^MOCVD P 
ZTr7'n--?-(i, 4 5 0-6 0 0'Cll (J;0iff4L< 
{±, 5 0 0 -5 5 OrH) i7)?SS-C-«lffi$i'L/^'^*gB^B^ 

^znmth. 

[003 2] ±MmM\i . 3 > ^' y^->-|^««s 1 2 6 JtIC 

ffM^iis (XS2 10), ^%^mz<^mtmx'ii.. 
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ffiL<{i, 11 2S{i, SgfL^ 'J^'-^A 

5 0 n iri*ii) /j»r:>^' 0 , 1 1 3 OJi., 'J 
L.<{i, 1 0 0 n n\^.m. J: *mt L<{i. 
)f § 5 0 ri m ) i-i . , < OSttc7.v[t^. 

, S J; a t:. P b (cS-^xaifiUf^t LTti . m^^^'S-^ 
mX 0 i I r O, , R u O, , Rh O, , P d O, . P t O 
, , A g , ( B a , S r ) Ft u Oj , L a S r C o 
O:; , L a N i O:; , Y B a. C .u ;5 O7 .,<^)X:, ^-?Smtt 

BTc7)j;-3 4-B i 2:-tt»'^<i')5lii?m*{±. Pt, P 
d , A u , A g , I r , R h RV^R u<7)Xo ti:M^m<7) 

h fzmz . ^(?)±.\^z^-mm ^^th t ^m-'^xh h 

\% L\t , I 1- O, h Wk L T V ^ T i N m\i . WyW^ 

mMzmBM%Wi ^ t T i o > ^^m-h Z t ;^>T-* 

h .-. P t. , R u , P d . X^i I r a)X 0 ^fi^ffi^'^^a 

^m^£W<''mvmtixim-thy^^frxvK p zt 

r cfjf p V D (c j: 0 , P Z T r? yVim.W<^)±MX' 
RmOP VD(CJ; Ottjl^fcT'^^^'i 0 nrriCT) i r o, 
±iC, mim^il/^l^l OrimCT)! rt^htch. I r O, 

( 2 0 nnxMntmt L i>) (C J: 0 , 40 0r*}lT'5 

0 ?6 >: S 0 % b <7)[l£^)0, t m'^TA -dyb mf^-^m^ 

fznm^zin'rhm:nt^m^ tti:^-:H . ^^^^v-^im 
0)%mi., EMBit]'k^i.iih<^)t^^mix-hh. 

[0033] n yTV^ ■ X 9 9 MUX , *f i L < 
vJ^'^^H.^J (Ig2 1 4 ) . L*>L, )!ji<rMyL\m%m 

^ >'/t s c t -s. . -^|5[ix{±^TiOJi^'|5|s^c 

1 1 3 2/;'Z^-y:7±tZff^fi)t§il^ (1^2 1 2 ) , 
SL<{i, rs-Y^y.ni, :L-y^y9'^m.^^i.x'^M. 

£0-'N- K-?,7. , L < ti, W^ih 5 0-5 0 0 n 
m (i 0/ffSL<{4, li^^'Jl 0 0-3 0 0nm, 
«t i L < (i, ^-.^2 0 0 nm ) t\.^) 0 . T i A 1 N , T i 
N . T i , T i O2. A K A 1 O, , A 1 T i A 

1 , T i A 1 „ T a , T a O, . T a N . C r . C r 



N , C 1- . Z r . Z r O, , Z r N , H f , H f N , 

y^y ■ -> 90 1 f^ijii, y.>K-y 9vm^iifz 5 0 nm 

<r)T i Al N. XliT i N±(C, PE C VDJSm^fl^^ 
3 0 0 ri m 0) S i O . X'h h , n- F V X ? 505 $ ^ 
S-^ CO«f liOX -y y 7'9il}lS.yfflWe^JX y -J- >-^31 , 
X-y^>./$tl/i«COll$. ^5^$JlS.>rvS--X.y 

mtrnmux . -ciL/iftisi ^ izfmt k 

■7x yi,i^ n >• T >'+;- ■ ,7. 9 >■/ 2r X -y ^ y 9' I tz mz 
. Xli^s< b hXVK, .'^-]i-7X9 1 3 2 

^ 9i ffl t T ct I , Lt^ L 3 >-x > c^J±gpm 
^Td X 'jlzr:r)>\-\<-7y.9^iflX^}fi'i^tilSW/)' 

[ 0 0 3 4 ] vx- K-? ,7. 9<^)imm, K -7X ^ • r 
o 7 r -f /k&t'^B 0 0) ' N- H -7.7. 7 15 § *: B < MiJfll-'g. 
tz^lzm^j:im^com-Xii-mx9 ■y9Xh->X h X 
^ » .., &it±m A- H -7 X 7 (;if t L V >ita?fiJi!i: . A r 
+ Ns;^",x<7)il^!ri)iJd^fflL,y::xvN--y .^ti?srs,-s „ M 

- H 9 i ^tjMit 'J 3 yotft I ^ mmm^i . 

TEOS PECVD-C'I)!.. 
[-0 03 5] 3y99 hJf^liScm^V Ko^^^^D^^^iffS 
I^$:l^aSL^^. mz. Egpm^<'JT, JKS^m®, 5^ 

f^i:ft, ±.^'9MRV''-^\~V'7y9. ■iii>>cr,mmxn 
xmrnitiT^^-i x<7)±xxmm^x(7)^mi. 
mzmmi^^mmiz x o i^m^ ntz b^^^t'^mm^ 

■fs-¥'7y.9m:r^<^<!K<rm^j.mi. m^mz\.i, y 

$::j'rL-r >ril<'5£7)||(aiiOF e RAMjif^tZj: D^aS^il 
Z:^ ^ 'J - >-'jr'> x-.'N ^J^^ic^i, , I^E-? 'J y 
7 ^ hXo\,ZFeR!\U^x - ^nCOS"® 

ari^^ttzLT. H'^jc^^F e RAM?f^fe^ttz, 'jyi?'7 

y ^^^mzx'o 9 [}-y^£^ x-rs^^rnx'^hib-fj^ 

ilft rs-Y-7X9/JS i 0,^7) .i '}t'tiJ^9^^« 
^ 5r -^fc h § {4 . ^ ^- F -7 X c'j ^ ^^jf^^gg^- 5- i^^-f 
hmz . ^ X -'^coUmziikwi'^'i b //f^ l> . Ml 
{i\ >'N-FV7.:?*JT i A 1 Nicos i 0.»^*b=5r-g>t 
#{4. T i A 1 NifffiMfily, A'OS i Ojttffl^iiflM 
tz X -./ sCT)^ i -t I, .1 > //iff i L I . ii{4 , 
S i 0,ltm7-;l.-//?fm-r^<7)§r|3Sil:L.. MoT, 
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Y D > N 7- , y \- F -77. y . jKgpcffi , ±gpi:ffis t'="M 

O C V D P Z T ) * (55e L . M O C V D A^H^ ^ 
^>./t"l)'>Xv h • X>y^>':/:?nii-Cj)'5.. .Ic7:)X'y 

^Mi, '>x-VN^)KffitCi^4^|,«P ((?ij.t«', ,1 
:il//Si, S iO.XJiSisN^^^.h^) (C^ v< ri,;^vj5^i^ 
Lt'.V^,; T^x.;/ h -x-y^>/PZT{.j:, JfS L< 
li, (^J/JfHvO + HF+HC 1 X{±Hi04-NH3 F + 

[ 0 0 3 6 ] a y^'y-t?- • X :? y ^' (.c>pr^?,y t^J'- >'S. 
L-^x ■:/ f - > ^Mflti: , 1 V V 5 7 >f J; 19 H 

IT $ ri -5. 1 1 tm 1 1- <- ■> .-, .liiii. iumxh h mp o t- 

ji'N/-^ J; ')(.:, /if^ Lv>T7"n— f(±, ^^^fix-y^y^?- 
VLiftH.-c- 1 A- i' fSffl t .S. C .h x-h , J; 0 SJS 

h ; i ( - J: 0 , •! ii '-^ ^JX -y f - > t '^W.t h ^ > 
->V'-CJ^.,. -MB^tz, C.DB!t:l&S/Ml:t-S.>It{i:1ffS 
L"i .?:-C-J>oT , Ifdi. X y^y^'' ■ 7°n7 7 -i )l 

-Sf£f?^i|i'.)fg;S!Sx vf-y^'-?afl{i:, T i A 1 Nfgjtr 
n 7 T -f /l^Jgi I, ■> i: |5]B^(c , P Z T ;^tK- 1 r fiittct^ L 

1 ' / T ^ox -y ^ y /ilg ( ®x •■/ ^ > /jI^Wf I ) {i . 

0 0 nm/jf-Xh^. 
{00 3 7] x-y^y^'Mfm, r^^mMTh*). 

-:. x•y-^y/• ^y-ztW-^x-'NiOffdii. 

SEiC] ( C (i . F e Fi. A My^lfi * ^-t 1. , Xti F e R A Mr5 

' ^;')ii;i(iiri5t?f L , X -y f-y m^mit^mzm^ 

.Ii7:)-t°.7. F - ayxy-9- ■ x-yf-y /cOjlitfft 
(we t. c 1 e an ) {±, t^sOi^'^^jx-zf-y^"?^ 

{mv^[f^m^n^zx 0- m -^y* ( d i .7Kxt±D i 

zffi:itZ>tzMz, i^^mm-tii,<DXhJ^^\ W.iz. 

X ••/ ^ y ;?'9ilfi{i , ■♦f ^ F J; e, ^-x 

■V -f y f ttfil-r X 1 y f t •l^>?^''lfll^f'aff.lf )Slt 



masiaLffs... I i-]Ka!m«cj:':.T{±, p 

ZTW-f F^=r-/L(3Sita-t&^»/>'$)0, Cii 
;?)i=7 y-r'y-t (c.h oTi-TST-§^'v^Hi^;ffiai:wl3')fJS 
-t6. (IS 2 1 6 ) (i. -fL^^a°p^f£fflLT 

/cit^ L < H^i^ I. f-:^(c(Jffl$iL 
TiJ:<yi cO-(t^|ga*«fil*H25iy^m«^[a: x v ^ 
y /L, its L <'S:V>!feg^)g?S4>(-cS1#^«.Ct(c^- 
■2.. '7£->'V)RB5it;;j.Jg(m, F e RAM^Si?.)llit 

[-0 0 3 S ] 3 y r > +>■ • x -y ^ y/{i, ifl(g':^-g1'.§> 

h ---^cTi-nm ( 2 1 6 ) {J , { m. IX I i fz-/}^ 

mtth ^ i; (c i 0 , hi.okz. 
mfzL -y> yymmz x O L tzmm^^yi^ik^T:^ 

mthxo {zT^-<^'mm-!&-hm\mm^ziiux r t ax 
\m%^T=~-ivizx h-nmxhh., pzT^zt o-c . 

:i(7)T--M±, tft L <(.1, l-)5 0 0-6 5 0"C (^ 
:^*PTx- v § {i . tflPai-/,i$.f ^ L < (1 1 5 ii— 2 S# 
ral^^'-S.) T-. X<i5 5 0~7 0 0'C (mmt-PTX-/!, 
a|f^//^tS L<i±l O-^f-bOfJ-'t^'l.) T- 

[0039] 3 yr y■*■;■^^t-^ f ^ t-na . *f s L < 

J± , its L < a , a 1 3 4 c7)fflES;S.l'^'ffli:tii!^)X y 
V^J-fftC. Uy-fy^-X^'y^hlZW^^^tXh (TM 
2 1 sr. F'>.^-yu}£l5CAOjr(±, ayry-t* 
1SI§$-ttl. ; fc^:< . fflSi^LiT:) 5,XT7 -f ^ y F 5:1^ 

y-'nzwm.-fh<^)mitL. t^-r^^yv'y^x ^m'^-t 
xki. ^4 t~iv^.tk>-^')rff2m (Ml 1 smf 

12 0) XhhhK F^.i--;l.»<UT{±. 
^i.'X{iS^c;'>^<'>lt-$)oi:i Jiv^o <ifSL.<(i. ® 

1 1 S{i, § 3 0 n mXh 0 , A 1 O, , T a 

A I N, T i O.,. Z 1-02, H f OsXtiCil^j 

2 0{5,^'fti^U3y, A IN, Xti.Iil'^iOffiStT:)^ 

fi, /7/UtMfLT-J)oT^J;i.V) *ttm-tl.;fzy>(cit 
± L I ^5fta{± . fi'l ^ifiSf 7fc^ m%. H , J; 0 H 2 O 

CVDfS)!,. r^X^ • xyy\yxFCVDX 

T , ( mi^zn\^X ) A r + Oi . X{± ( KS(ttZ*=f L 
T ) A 1- -)- O J + N j (c i 0 , R£<14xy < y ttft *• ffl 
•r c ^: I. , Sfkv u 3 yffl^Jiti L- V >mii{± , 
c V D x{i p E c V D T'i> h , ^7mmM t^ii. i?- 
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m^' y^, S i H , N 2 T-tj: (ti Uitj: ^^r v ^ <, 

7m p E c V D s i 3 N 4 mwm<^.-> > ^ {± , S l C l 

4 + N >2r ffiffl1--g.£-l:^vtt)-:>T , S i C 1 4 0iIftJ: D 

^^it Xh h ... c ■! t-*(:f/::i!ti L v m^m\^zi6 ^ >T , 

5 i H 4 Uti . r? > h • X -y i..;^:' • x b •;/ r t L 
Tftffl^iil.-:^. AlO.Jia. PbS.L'^Hteti.'NiJ 

[0040] t'T • X •:/ f- > -f K .:r ->L-Ji ( 
;t(f, A 1 Oj ) lX-W±.-t?i'i.^>>.z. fr • x.y^y 

0. mnmi (fiP*>. S i3N4 ) (i^-j^-^t^-l., c 

[004 1] ft^fi^'i-Tro-^ti. itmts(C-«^-< 

^ -ll'MfA ^ X -y f- ./ S ■•/'y'-thZy.Xhi>, Z cox -y ^ 

' < ^ {± . teM^ < 0 T ( ^giSc^'JiiSSt' X 'J r ) i7)itmmi^ 
'+J(!i$iLT€J:t\ *fiLi. >-||]5timt±. A 1 O 
, (|'j4 0 iim>()i$fiLiO ^ttfSL. f^w^TiaSt-ir 
fc'X y -;->/■ 7^'. 7. mUi. BC i jXtiC iv) 
W L X .y ^) < .y .7 -r L , ^ P E C V D J: -g> S i 

[ 0 0 4 2] x.y f-> 7i')f.pJS^/r--/ucJ; ^±mi 

T - - ;l £± , L < {i, if.^ 5 0 0 - 6 5 or ( %mf 
T--/Li7)i:§{i, 55)— 20#PaT)-X{i5 5O-7 
0 or ( RTA^.h 1 Of!'--6 0#) Hff $il 

^< .. 6 5 0 Xl-X: 1 if fB^CT) R T A ifiX 0 S i L > . J-J 5 0 

L f - OX hhXi , -I i7).-t r £^ 3 >-{±]!!f i L i> CO i: ^ 

( 0 0 4 3 ] A 1 0,ViWm<m%'l^\Z. ^^-f\tD 
f) (PJlfi 7 n > h • :Ly\i^m%^^Xv^h . A 1 0«co 
JtfSVilJStl. (ir^ 1 O'o a t o\\\s / c\W^Xhh%'l'r 
T ■ T' I- • L-'^yL- (care about lev 
e 1 ) XiXiTyry ji-.>s^,<7)mmti:F eRAMinikXh 

^A'V >C thhh... F e R A M X -r\±</)A 1 O, t^W. 
^m-/f'F3mzim&lX^^^j:^^ttli, za^-*r-i Y^t- 

??t-i>CO//Si Li^\ F e FLAIVI'^x-v\±<7.)A 1 O. 

[ 0 0 4 4 ] v^^-ii\}r.n'<i>r±.i,zmri\mmti?- 



mm<7mrmnmi-¥) ^smmti (x^i2 2o) ... #u 

^/tfBlc?)!^^!*:! (1112. 1 3 4 .St'^' 1 6 0 ) TbKc 
B5c$iil>t. ZC^M^mi. mi<ii, Sfty-f*. 

^ft.^--^ s . ( s i c N o ) ximit-y-! s (*f i L < 

.. (7,)i^«f*:l 112. 1 3 4 1 6 0 (i, if i L < (i , 
KfttJ. FSB. PSG. BPSG. PETEOS. H 

S i LK. ^tLttS i LK. r 7 □> \ .ffiK--KU.-7 (:^ 
. Txo.y;l. Jf-tD.yyk. My'-'f-VH. 
HSQ. fti!£7.)ES:c^jjS.fLtt7!?-77.fft4) . XliZiU:,(r) 
ffl^^^b-tl-X(±-X^ y 7 . m 1 SL'^M 2 CO.I'L 

D ( 1 1 2 . 134) <P)BMMI.i, F e R AM^i-'a- 
;l,C7>9Jiflp-l(.;iJ#-f .^2cOl^f1§«#: (134) 

i7.)mffif:^(c .nti\ \wfiti , sjico I ; y ^- 7 7 -f Ma 

mm ixmmiti'^mtti z t xh h , n v :7x > k 
i-jx ^ 7 -tf- 3 >'<7.)jstR(c J: o T , m%<7)'^mm.^K 

fj^tfXEth ,. X ■y^>-:/$fLf.:A 1 ;^ ^ •fc-i- g > 
C'j.hiMC. — ;X'i-7">- 3 >{±. A 1 X{±Wt TT^)-g., 

>■ y ■ ^9y^-iz-i^3 y ( A l Xii C u Mft L 
x /I,. ( fr • 7 r - x h t mitih ) * fS.ffl L^t^T 

oMwv-ui.^ ~mr-?>y- rya-^izim^i'L 

^. F e R A M Wgicr^g L- XW.IZX < WM L T V I, , 
[ 0 0 4 5 ] t'T • 7 r -X h ( V i a first) 
fflco.9iifl7n-(l, &.T<r>XoXh^. Cu(r,)Xot£;< 

^ y i -t- > 3 yWimm o t . mi> ^ u r/x -y ^ ■ 
XV -vr (#iM&^tc(i. Mfty-^s, mwL'rim. mm 

^t>U^y. fj)l't^m{t1r^m) ii. ILD±(CISS 
^iih. <Xy^X\ 'Jy/77'fii. ^N'5'-> fL^i'L/ct 

• x-y^vxMim. OTcox^'y^. ip-^. mm± 

m. (#?t-tl.i§-^) . X'y ^ • xh-yy- (^4-fl.li 
^) , ILD. 'dry^x. 3>-r>t-ht;fi=3:l'-^< 
^-^l-ftr.t5iA<ijT (Xlilg^^co-^-^ h''^^-;l-EH^'N '.j 
T) izj:!';. x-y^y/f^. W£^:Ly^yy^m 
( ft^iSB^a.RL'^r 7 X^sfefr ) {± . ( t'Tcoi^* //IfliS 
(cltl2LT3>^:7harS/.^'Viti >:)C0T'(i^< ) . 

^Wj:mm\,z^mi\h-^^mm^. f-^^- 

./UlSSX.'N'JT-^^A 1 0,±^JS i3N4A-<i,^'|,iitS LV% 
.^JEWcfcV'-c, Si:::N4(±: \ LDJi-, ^y^^'^mt 
h X -y • X F •:/ VtLX [mt hZt n<X ^ ^ . Zix 
ti. M^COi[X yf->/p.M^(.;] LDJf$(zfc{t|,i% 
$ .€*^'m£-r !> F • X y ^ >• /io J; 0 55.- T 7" 'J - 
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T^:)X ^ > , $ t£ ^rmm(r)fzi^iz 9 A $ 

> yV/II^S^i'L^. . LABI'S;-// '-^ . \.K^-h^oy,) r.ii • 

X m R G A ) 1 1 yK F e R A M JtfS^'Jf fl^)/:*^ 

iz X h T y x-7^\^-Baf-4.> N-x ■;/ ^ > mric j: iti 
.-z v-ryy'im'fk. mmmza^ T-/>>7Wi, rcv^ 

[ 0 0 4 6 ]-t'T • J:.v^y f''XWk(zr=~-MmT: 

m ( 2 2 2) rm'nLXJ^-y^y7mmim^.t^ 

i7)Mrtl^\.. PZTayT-y-<rmmi^<7.)t^^z, Z<^) 
t.z-;L(l. m L <{.±, 0 0-6 5 O'C 
Tx-;K±l 5:5l—2D#rBW.4tS Lv>) X(±5 5 0-7 
0 o c ( RTAfi 1 oS'-o ommt LVO (;,J; 0^ 
ff- $ i t Z> ... WlzHt- 1 1 V ^cm , 6 5 0 "Cf 1 T^-ralc':) 

x-:>i'Z, T^immm (^tXHAr > ^zh^^xT--ii- 

XhiUi. titl^K. milkV^m2<7)l LD ( 1 1 2/ 
134) <7.mt.BMmff^ZtL^T^'^Wct^b^li. R 
TAmfl'ir'faFnL Td^) I L D(c*iiVTnri{i4-fi:>;*!ilS 

[0047] fTwW^i'L ^ t , X 5^ > K ■ ^ ^ 

>< .5^ 7 ^ -ti- 3 yRVHunt' < 0 r zmz'im itzt^ , 

C u , W. TaSfllttXtiT i / T i Nir,r\[)Tr^ 

L . K- 1-> A 1 <7).x ^ii^-tts. -ik^t mm 

'^thtMZ%.V^7'vy'^'^'^^ K-fzhL^i, Ar, Ar 
a , T a N xXliT i NM''.J r$:fjffl L. C u u— 

mf.' \ r\.x . iff i L ■< (i . c: M P i D P-i^* § ix h . 
VVt'rc7)^S(i, Ti..- T i NANDT^riaifflL., C DV 

^ ' < 7 Xfi c:; M P (c ct O $ I) . A 1 fTiT) h § 
{i, T i /T i N TC, A 1 ifffi ( C VD , ',i 70 
-(ZJ:I.PVD, XtSTn-y hPVD) 7S)'gE<, 1 LDc^) 
Im^c^^A I ff>;^ 9 'l Wi^mf>X-t?;>tzMzUii:. Xii'i 
9-y(t$ii, ;^»OX yf->-7$ilS, 
r 0 n J ,S 1 l-«<5lt1^7J?>'P Z Tt^''^^®** ^' 7 7, 



[) r^z X 0 $ iiX V 1, i: (i . t'7' • x •■, -f- >-.:?- 

■ -y-.'l. , ^tiy-h ■ Tx-./l,' • .><^' 
.;L • ryX-7fftif, mzl,ir<OTmy~>l L F e RA 
MWStCj; Of^SWlcv^.^ft^nn^.?)-! dc7) 

^'tt ' • X y y9v.)X 0 ^mmm 0 i 

^> S-i L*\t, !> . f$ ^aSS'J {JilSL'="5ima^ (C ^ X .5^ (c 

XhXVK. mm-/}^-lix(o(7yy-.H'^j:m^t^\^X'hl b 
I ' ') ^)Xh i'Uf - S(C. F e R A UmP^ti^i&^i^^^ I X 

^fWi-rffiffl^f'S. J; 0 l^zikM IX lX\ y, 

[ 0 0 4 9 ] .1 d t- , zfi.y > > 7 o -t:r»g-r 

Wl7 0-arl^Bfl-r.g., .;C-Ci5iafl-ta70-{±. t'T 

■ 7T-Xh • 7n--C\?)?-,;^\ L*^L^<i03^f^«ft 

i^e^t^ttii. iiiommy^- ■ ii-h^zi^m'^t?^. 

T x-y^ • xh-yr (.<itSL.< {±, Kft^^-fS, m\t 

I,) I LD±izimt^<. ^cM. i:)±xmmifzm 
im 0 t;>co 1 o ^ mm ixm2 <r)^mMm'm ( i m d 

XWILD) ^mn^h (Zixizii. UfUi. i&^M 

7/x-yf- • X h ■yy't^m< ) . i'K^-^x, [} 
77 ^^mmixmW)^T^y<9-y-{tti. d:^-^ 
X: vj±xtmifct^~cr,^mim ixztLh<^)\i' 

'j rt^zm-h t. x[z , miLm[z$,w.(r)mm\ii^mi)^^'(£t 
•s, ntx. zM.9'-7yy ■ rro— ft-i^LTi^iiT) 

Oiyt^V>. L-i^-T.htOT-yi'-y/, fT ■ X -y f->7' 

\1i%\MzA ■9)i' ■ >^9-yi:^-.''^y9'L, *^OX-y ^ 
>'/3'iLri4'{i- X«x ■ yTizJ: 0 r 

^ y9' - r 7' U S . 

[0050] <%<:r)jmt. t^x-y ^y/{g(lTx-/WS: 

ItzJ: D$iJPI$ixl., PZT*»<b^jrl.:3>-T>-»M^m 
c7X>:*(C, dcr)TX-;Ui:, iff^Kti. t^50 0-6 
5 or 1 55i— 2li#^0mmt-FTx-yl.'C7.)fc & ) . 
Xd 5 5 O - 7 0 0 r. ( m 1 O fi.— 1 Ti-racO R T A MS 
Oh ^ ) Xhh. W.znt L-i^^OJi, *^J6 5 or.-C'T.!j 1 
-ijWRTA.^ftli-C^t)^, MtZ, ±a!m«H}[.' v'Jrar 
iSfk^-it^-V'J: ^vStttl*i ( NjXtiAr ) ('fc 

(7ym\m5 0 0'C*)SO#::'c^llll$r*tl.(RK.1^f4 c- 
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L D<7.)m:km.m/)-^ziV'kT^i^m!i -th tt^\i. r,t a 

will- f$ffl L T I ^) I L D \,zi-i \ ■^X'^t'itc^^fmMi 
[00 5 1] <'K<7)jmi, \::TRU:^^)imzmt7^B 

c b f • h h i-' 7 > > sail * ^ , iHiM&^^ .-J' 5 -tf 

T a , Ta Nj . X{±T i /T i N W<>J T J^F-tl) C 
u , W5.l> l'-t'>^"$ii/cA 1 ^-irO. W^himt 

( mt\f. A 1- , A r + N2 ) r L T tT<7)E^a 

[00 52] zM.y-^i'y ■ ry'u-^iizXhW^^ 
ti, t'r ■ 7"-;^h ■ Trn-f-<7)L<?)(cMmLT<,-» 

•g.... 

[00 5 3] fflsmsE 1 3 6 {i. ±gemsi(c*^-t.&mm 

{i. 1 4 4 (CjfU^il- ^f* 1 4 4{i, L.< 
U. K7-<7Bl4 0{Ctg^$il§,., Yz>iTi%\4 0 
(•i . *f i L < Ji , T> N 7.^IW1f;4'('C| 1 . 2 di/l' h<r) 

L . m-tmmmmmzx ^ ^c^)«e* 
x'>--/ns.^-r-i>., 

[00 54] ■^wMy-m.tmmM'ommi. n 2tc 

T<L;^j^'n;il7u-4oit'="I2l3 a-ll3 c (c^.L/c^^ U 
• T'^ i 7s 1 0 3i73|ifFffi[lI(cov>Tff 'J . 0 1 .hIal-cT) 
95F$il/--![13 a~|13 c lZ*5(t-i.^S 

[ 0 0 5 5 ] H 3 3.i5i.lfm 2(7)^miM2 0 2 $:#KS 

iiW)mm[m \ 1 212^^^7)3^:5';' hti (n^^- 

L) 7:x.-y^y/t^., 7^ hu-v-'^h^r^SL, *>o 
{\Lr%M^W& (CVD) *(JfflL-C-rarM'3J:ot 

-t (i^mi^isfsigfist LT 3 y ^ h f L^o® 0 * 3ti« 
?>. ... {t^wmm ( c M p ). ^ i^ffl t T u '^/mc7)i?§ 

7/1 14 ^ >j Til 1 1 6 ^nMti> ; 
■mmmKi:m 0 meii: ^--5. i 9 tec m p?M*sfflt 

■tl". Zii¥<'K<09m>>zh\^^X V-H-';?'7 7 - ( t o p o 
g r a p h y ) <7)^^mt tc^^S-dXti^hh. Y-^^y 

7 imnmizmmvj:T^^^i-r-<^y^{t^ 
mzm,tz>f&.M^h7^. 

[00 56] m2(OXm2 0 4^^-f3.t^b. ZJic7)i5 

■fi:?*ij]i;siA< 'J Ti 3 0 2 miMMm'^izm^^ix^^ , 



LTTiN (iffifeKti, J.^j5 0nm) $.-t(ltSL. 
T. itiKJi, Ar.5.t^N.,'4'-C-^J^^tt.7^^<-:':^'tt?i 
OT i A 1 N (f/ti L.<{3:. 1^2 0 run ).2ritffi1- 
T i A 1 .-^^-y"'/ hcD^t tl'^fflfiJcti. T i o. e 
A 1 0. 4 . tt^Wg* .tJtK^i.. A rM/N, 

( i L < (i , M 0 , • 6 0.(Ditm ) ^ 3 5 0 'C . 
( I -.> \(;y&iS. ) iz i 0 ^ff L . i)^-r>7.n y $r 

mnmi^ ^ y^'y-ftmmm o c v d mnxamm 

W(7M^^T::i-iV<nXo{z. M^^-^ti^y'O't.X'PiZ: 

mmznmzmi^^7^:itizx*). mi*^ (ryX) i 
1 4 c^M^mtmzmm^^ifh t * a. tstx^ < u ra 

3 0 2 (1 2 2) ^m^t^;ii-W//hh . 

[ 0 0 5 7 ] 2 0 4 izii^^^x . &ummm 

3 0 4 (1 2 4) 7:nmti , m^wMm\ 3 0 4 , 
c iorj 'J ?f^R5ct.5. /iiotcfjffl $ iis mmt^m\ 

3 0 6 (ca^- ^ 1 i:j±t^ ^.n- i cfc ^ ^ C <?)^ll£ 
fW;tDV>T, 1 (ESemmWM) 3 0 4{±. itiK 

{±, 3 0nm.*)||^)I rO..Xy\".7:'J'tfe«(3i:'9ttW$ 
iLTt;*^ 3 0 n m n <7) I r fy^Cyti: D , A r RlfO^ W^iM.^ 

A r ^X v) 3 0 0 ■ CiO X -.^ J; 0 Hff $ il . 

>^)O.X.'N° v ^m^J^fcct^ 5 0 n m/:^V)ttm3I]S^ii 
i35t1-?.i:o(c|5^L, .rmc, Et^tz^ Ar+0, (3 
0/7 0) cr>:f?mm&^it^^hZ:t-/}m^, hX^ 
3 0 n m/->i-iOttm3l.g*ii65ct--l) J: 0 iZX^^y S'mts 

^. ZiZii. lJtftL<i±. li^l^Jl 0 OnrnXtl*}!. 
X'OntKli. mmWMt LXI rCO-^^SO nmXh 

[0 058] T i N{iSffl>y-yHcfcUTJt«$il-g.C 
t . WJ^ i A 1 N{± I I r O.cO-ttSf-A- > 

tffi LvK T i N*<T i A 1 ^<n\mmz±%f,zm^i\ 

St §{1. T i A I N£7)itaHii{;, XJi^iStt^' 
[ 0.0 5 9 ] (13 bir#SS-f ^.h . X112 0 8t-fcW> 

T , i^m«t43 0 6 mmh . 3 0 6 

M. «iL<{i, Wli^mCVD (MOCVD) $rffiffl 
LT.JgB!c$il^^ 1 0 0 nn>.*jS ( 5 0 nmAU O^f^t 

( s o 1 - g e 1 Xiitm.km%m ) ^t:) J; :5 t£^<Dmi 
i:^mmti>Zt-^^X'^h, MtX, nth\^Zr/T\ 
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• /L-7-) *!j2o.. so t-:b ft#t 

L -C . m 5 / 3 5 i') Z 1- . ■ T i m.\t . tXJ 0 m i ^ffi 
(::4ti L i ^ L^) ^- 0 %h ... iD.t t , ^^ ct 0 .5-1 

0 , p z"^ 0)\%%\%_T^m-i-h ... Moc V Dmw^ft- 
; i . .'^ )■ i L < { i , 6 0 u c*ifi ( 5 5 0 'c^m 1 1 h 
-hmzmt l\ > ) oyjSL\^X'%\l^fih P Z T>7)ttT«jI • 
l^ifi. 1. 0 0 - 2 0 0 iim/Jn^bti:hl'>^^zmjl^iL 
.!^*nfiKiOt^f1^.njRl^7l-ifii|Wr#S7t:M^ MOCVD 
Mi. ?Rf*:U$K**t fl^l-h-igtCig-^^a 
rjtIlii?K^)1y!5R?-^|J^^) 2 1 of&t:^m\-th .1 h 
L -C'J & ivi o c V I ) kC-flfti: , 1 Xtl 2 J: 

f?-r iKiidlilfJD-^r /c. ., A I- XU H e ; L < 

(i. mmfn^um^-y^' >■ > -\- v-^^v ntisj- 

[ 0 0 I.. 0 ) If+: 2 1 0 iZh V^■C . I. J^^il^! 3 0 8 3 
1 0 ( 1 2 8,- 1 3 0) 'l-fJhSci-r^... PZT3yx> 

M;^) t (c , -(ztd I V >±:^i;jgs.7, ■/ 9 i.± , a r 

lijjo. '|i-C!xE.ffil'V DC -t '.}itfH?fL/-.:(l{I2 0 n 
m;') I r ();: I .(- . A r 'I'-C I ' V I ) {1.1 OttfS §it^c{I 

(110 inii^') I rz-M',^-t; . i'/i-3> r>Htl5f)^#:c7) 

Tp:r;i;(:f5h!c$iL':,,. immzim.-^. '^-^xmmM^ 

{ *';2 o II II. , )r//''^ri L. v > ) izX '.) , 5 0 %--8 0 % 

(I. I rX!ii ro.ii. mtt^cj)^xb^nm^'^i> 

[00 6 1 ] 1.152 1 2l<Zii\,^X. 'N-F-7.x;'3 1 2 
(13 2) t^^X'ilZ. .'N-I--7.X7lB*-ffML, .'N'^ 

- > fl: L . /.'OX v -r- > 7-r h ... L < {±., ' n- k 
.X7(.±. ;);c7:)u> -;-> +;■ ■ z .^ ••.' 7>?)x-:/^>- /45(C::^ 

V.X 7 {.i , iti L < ii . < ••/ 9Vm. t ti 2 0 0 n mc?) 
I i A I N ( 4 0 'V.A 1 Ulf . A r + N, (5 0, 5 

0) . 4 00C.'yT.-'vi,',fS) fyht^ih., ftW^LT. 
■> \- 1' V.X 7 ti . 5 0 n xwO) T i A 1 N ±(C 3 0 0 n ra 

i') s i (). .^tv . c s i o,{1t e o s pec V 

1) (-.4; yitfSSiirc.. • X:57 .y;7c7.)fi!iio^ 
Afel'iKi , 1 2 O n iiii7:>T i A 1 ±C7)3 0 riiriC7)T i A 1 
HXh'-^X . Ci'.) 1 2 0 ti iiiC7)T i Al {i 2 0 n woyx 
i A 1 ().L(c)f5n)t?il. -i'.)2 0 iiirii')T i A 1 0(j:3 



0 nnii7)T i A 1 N±{-.f5ii!<;"5il"Ci. >S, :ii\.C->0)mO) 
■kX (i . t L < {,i . [5] -^ v > •? 9 mmic 

j;oitm$:fi. ci'mmii. mwzfi7.oy^jf^^ 

+ N. (5 0/-5 0 ) : ^KJCOW^TtiAr . fi§fbt*ltC 
(i A r + O J (. 9 0 / 1 0 ) X(i A r H- N 2 + O 2 
( S S /TO XS )- ) T i A 1 N{i , SiLXJi, . 
J:-^ 1 0 0 xim -'hayY i A 1 m%MMB.'^'-ML^hX 
■3(c. ;§mi](cj;f), J-:5j;'c4 0 0T;T'mm§iil>.. T 

1 A 1 Nii, ^ili's^T^'.rti^tlWLT: T i NICJ; 0 

[00621 U V 7"^ 7 ^ • •.y-^Ui^)?^.«fi*|5gih-t.6fc 

f4 (f;?iJi{f . S i . S i.O.X{i;S-i3N4 ) [zh^^Ws. 
\m L T i ^ . ^7 i y h • X ^ y P Z T {± . ?t 1i ^' 
7 ••/ ig*- , Xfi ( J; D if i L ^ ) ^«.S.V 7 y y ^ 
yJ'TKpTi^M^, M;ttfH.O + HF + HC 1\ X^H. 
( ) + N H . F +- H C 1 miL^ ti: t A\t> 5 . Site . .1 J7) 

[ 0 0 6 3 ] jiSc7)^:V)J; o'jr^^'^'-^^-y 7B5t:^f$ 
ffl L T t i; I. ^-h'^ . 7 h V' > X I> />iit S L V ^ .„ V < 5" - 
:::y / • vx 7 SrffM LTtfetc , ran 7 tci D , 
X:7 •y7^M<'rX'y^y/-tl),.. M-.^'C, ^^OX y^y 
/N-F^X?. Mriffi, PZT, iS§|5«1iS.L^' 
S^«®jiSi5[v nM, J T ^ X ^ t ^'£-W>: I" 

L V^x.y^y/ ■ Trn-^{±, 2oJ.>2,, 
[0064]®! «7)x -y ^y • r7"o-^{i , — o^D 
ii;S''S7'7 X'-v' • X y f- > 7" • ^ ^' y y> 5: f^ffl L . 

[5]-iOf--r y y^s-tfci >TTfe?a^Mi'-^^ > xt ffiffl 
L X .1 ^1 ®i7:)^-C r X -y f - y ^ . ^W^\.zii \ > 
•C. 'J^-N ■ r7X-e®©i, a^miii5(§(clS.iE$ 

ilS. AN-K-7X^'{±, ( 7 ySS.y^isSrffiffl 

S iO.M-F^x^rfSfflL^Sri^RR 
0) , ta*.^(l:^^p°pr^fflLTX y^y/§fLl,. T 
i A 1 NX -y-f-y:?" • l^ i- 1 OmT o r 
riOE:^3. .S.t'^"4'{wi7)SS.'<-^TX(Cj;0, C X -iMJ- 
No ( S 0 ... ' 2 0 ) X y ^ y/M^t-^h t£h. T i A L O, 

frl^-Y•^7.90)-'^x■hht^^±. m.v^'m^fiiM 

(i . tf t L < ti.. >ic^)l^r^li6-r ■S. J; o tftSn$ii^ ... 

N- K -77, :7 2: X •/ ^ y / L-f.! , ?.'j4 OmTo r r ct;) 
E.t). ,aL^'4^W^W TXc', Os.S.L'^N. (8 5,/'l 
5) ^mmiX. U v-'XhH^^-r-g.. I r./ I rO. 
±Mmmi. i6ifiL<ll. ffiE^I (S:^j3mTo r r ) . 

TX ( 1 0 0 n m./^vr)X -/ -f y ) , 
Ch + N-i-t-Oj (#-j6 0/2 0./2 0 .) SrUfflLT, 
X y ^y f^ixh. I r X -y ^ y i: T i A 1 N H 

•77.7 ■ x.y'i-:.yt(rmx'&iV^^mti:mi.-thtzih 

tw. i§*a:ft.tnt^.. PZTtl, 4jE (t^I OmTo r 
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r ) . /^Oi^WvSlf'v-f T.X (i'ol 0 0 ri m/-.'7]V.)X v 

( fvij i {f , C 1 2 + C F 4 + N 2 + O ( 4 5 , ■ ■' 1 3 / 2 0 
■ 2U) ) 4'TX-y-f->':^-$ilS, SL^. PZTx-y-f- 

i I < fi. ±^mmt m-<r)v v t°(cj: xv^>'^'$ 

it ... T i A 1 N (T^m^mWi' ^ 'J r Ji . *f t L < ii , 2 

. -{.i. C: I .:.ai<N.> ( S 0/2 0 ) i^ts\ E:^ii. 
I. < {.i , f 1 0 m T o r r T-.t) 0 , X ••/ ^ >';?-ii , ^ 
. .*lD#PB']Hi ( 3 0 n mr^S ) (c J; 0 ^Ite I . 
K'^-Jj X v -f- > /XfiA'- 1 0 0 ' < • X v f- > / 

[ 0 0 6 5 ] lg2c7)X"/^> i?' • rro-^ti, if 
;')X y -^> /?JlJM*ftffl L , I r . I r O.Rl/PZT 
-').t >i-te»?fett^S*M?ajfi^t-x •:/ ^ > , M 

S i (.).,X y ^> 7 • > .'N ( 7 -y #^fl:^^q°p<7.) 
7*) t;fcnTX y-f->-7"$il-S>., (XV'T", Ui^-.-AFW, 
.X.-J'> :?'--h' ■ 7* •;, > yi^l'n.fl (mux. O2 + N2 + H 
. O + -+r > 3 F 4 > -r Mffl L t rv5^i§^i§ . T i 
A 1 N ( S i O.cOTil) {i. ff^ KCi, ;%JE ( 1 5 

-2 0 in T o I- r") i,M,zt . i:)±xim Ifz 
'm^<(^t^-c7)>m^mzx'') ^ a>Sjfi(iT\ xy^ 

I.. I r,./ I r0,±gpm®. PZT, I rO,,/I 
i^M^RU'T i A 1 NJSgi;i:®t£BX><'J Tii. i-^ >■■'< 
ttti//l O-2OT0 r rrai:^:--g)^h*l^*, ^JST' 
iiiBJL/::>|5lttc7)X yf-y^- ■ b^f^MfflLT. 
fxy^y/^iil.. 

[0066] Ox-^ti. 57i-^, ^y^^F^T'D 

I H.O, ((?i];t{f, HjO + NH, F + HC 

1 (500:1:1)) cr,^:^''/- v7mmz^jL-f\ 
r L - ^ >T E) I H J O 7. t° y ■ ' J y x ■ F 7 W I c 

[0067] i):<7mmU. -^-f F'>^-/l.'l£ii.'N''J 73 

1 4./ 3 1 6 (118/120) mm^zmi^tt . zc^) 

izimi-h i d (ci^i7£$ii/> ay^7h tc^A^^-Tii;^'" 



msie (118) Rj/m(tir-^mm3 1 4 ( 1 2 
0 ) A^^.^*i> , fi!ii7v< 1; rmatrnti z t ■/)'^'c^ I 

mhim^r::.-iixmizmizimuk^\ tjt l ^^t 

rq-f-tl, A 1 O, ( 1 5 — 5.0 nrn., MzMt L < 
{±, P VD(Zj;-& 3 0 nmXtiMOCVDiCj;^ 2 0 n 
m) imnt^ZtX'h^. Al 0,,ff)7..><'v 

li.mKii. iiS#^-A 1 smmmi . i&immm 

.( 1 5 nrn/;5i-*>i).(Cj: 0 3 0 0'CO'>-x--v\iS)S 
f, Ar+O, (9 2/S) S:f$fflL.;^A'yl..Xjtiaijfim 

[0-068] ^mmt^^yry^ ■ x-v'fy7' ■ 7- 
ii\ ^ x.y F • .'v?. , ^vh'y • ij y ..x • F^-^ , Rt^-^r 

yi^]±^ltl>^l<Z. F e R AM:?ilFI^:>- 

lfl:§^U •/)'-:>i^.m$ilti:^^Zttmtl\K FeRA 

<, -/j^ony^^^^-v gy • -r.xFti, 7— 

.*tffli:'§=5rv>x-yf->-7'- -y-yp*:!^*, 

[0069] }'K.<^)mn.w-mn-y-JV(7^wy^i:mitti>-tz 

•y F ■ x-yf-y/3?aS{i:, '^x-AxCTjRffitZl^ffit-SW 
1^1 mUf . Si. S i O, , X{4.S i sN^c^Ji: ^ ) 
^Zh^^mM.m^lX\-^h . -^x-y F •x.y-fy/PZT 
l±. ASfi^lcti. ^^^y-m. X^iimtl-<\i. H 

oO + HF + HC 1 .XJiHzO + NHsF + HC lcOi:< 
4'tSS.aL'''7 -yS-CDX ^y f-y7-fl:^^n°Q(Cj: Si§?ff^-^ 

■j^^t-fh . z <7)fi:^^D°aJi . ^x-.> \crmM/mmz 

[007 0] mznit^-^XUit. SiH^fN.c^nt 
Li.^jyillPECVDlZii.lil'iS i3N4X-yf-- XF y 
r (j^l 5~50nm, J:0!&^L<ii. 20nm) (J'^ 

[007 1] ay^'y^±,i,zim^n^b §ii|.^<.£'3^ 
ti^ft'rBm^llf* ( I LD) AiJ^lE^^. FeRAM.5!lJl 

x (J?iJ.t{5, n>' /7 - ■t:?>'3 y) rffifflt'l'.g.J:'; 
Ci-^, LA^L'j.7/.->, PZT//ffiffl$fiii(j:. Ziit^ 
( P Z TJtHf^O) S*)lSSr*^6 0 or,*ii(c$<jput 

[0072] I L D\m.\x<^m.±^Mmfi^(> o o^cmn 
X'hixii. A 1 Oxitmt^(cTx-n-j^ti.::t*' 
i'tt tv^o ( O2 ct't'RT At:=t 0 6 0 mm:iy\i, 
6 0 0— 6 5 0'C) , 

[0073] I LDltffifst3.. ^yy-il M P(Zj; 0 
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t < mat^il^i' . MU'. F e R A M1)M=i:>a.->l 

9y^'i:->3>m^z:Mmt^. 2-D(^mmi, Al 
y{ y -f -t:-> 3 >- A 1 r^r-tS^ f 9 -f -t:-> g >'W 

[0074] Wf TS.U"A 1 X ,^ 7 -f Hz- V 3 > (J':)!?!!.^) 
1 li . ayfy "^crM) I L D (i 6 0 0 C J; D :^ v > 

( 0 0 7 5] C; M P^&itaYfk, [) 7 *^?T L 

( RSt Rfiih^x ■•/ f - > 7\ I L D X y ^yy^ S i , N 4 
X v yf^m/A r Ok X y -f- v f ) Sr f$S) 1 1 1 ii 
bTl'X-/^> /-f I, , A 1 O.xx -/^^ySTr^^ . C 

Ll,>A 1 OvX.7^>'^'-?Wl{±, teE (-5mTo r 
r) •C'.;';*5:DCysWTx(,-J;tr, SSrSy'^x'-e Jf$ 

^•oJ^fI^fi-15'i-x -y J; -) f(. 

Mi, ■m:y-th:^->^-:Ly^y-/m:m.'V\Y. 
tl.... C:<7)x-yf->-^ti, VN-F-ex^' 3 1 2/1 32 
^)..hiaTff±L, ■h^'o^y'nmzi-s—Y-:; y.y 3 1 2/ 1 

3 2(-;C7);^X 'y -f >' 7'-t hL'c fmWZhh , X •/ ^ > 

-;->'7f:^. HMWtcii, «l»liJfe#twD I xt">/>j >x 

[ 0 0 7 6] 2S(!|i: 1 3 2Rr/y^'f— 1 3 S iOffMsili?) 
IfS 2 2 2 (Cfe r>T , 3 y r >-'t-|Sl;f*^N.i=') 3 > -f" > 

■ v^.wn (Mitf. ?siS'l:f*«f4;ox.y^y^\ 
/yr-b/um, .&?>n>'^j7.h£7)x.y^>'/) (ci03 

'r~-.ili]\l >7)B§ -C'Uff $ ^1^:?^) ' o i; ii ( EP *> , 
F' Z T X ^ y ^' ^ H ^ ^ -./I.- ^ ISffi S -ttT T :i 

-A^^.^^TLrcfc^ti) . ^ay^y^fc^mmmX'P 
b Cliffs t S . P Z T M(c J-^ ^> P b om^ki , 

hr . 4->-;t-$rA*^-WI:L Tx.yf->';? L/ds-C\t)o 
7---/U£r)^f-Hi, A r , N.XIiEScOJ; ^ ^-^vStt 



0 0 C ( ck '5 S L < ( .± , 1^ 5 0 0 - 7 0 0 'C . iil t 
^L<{i. bOO'C) TJ>.&. I LDSiiHH/Z^il'l-l^ 
.|?L^-w>.h§{j:, RTA(cJ:'9- ^H!;^xRB':)-^<«^)fJffl 

[0077] <%\, ^X', A rXliA r + H. -Jf^ffl L.-C t" 

ra)7.y \° -y ^ i^mMz , T i Jitz T i N *: X V N° y ^ JtTI 

[ 0 0 7 S ] *D(5J^I> •y-'i- i.ilfflfliL.^i.^^ i;*>*f i 
L L *^ L . 3 >-f 5 JT— >• 3 > • T-.x h bi?:) 

J; Wa^fLT'crf^f i-'^ x-'^Jl^') F e R A IVl 
:/f*i5')^T«7;)7-/l SrSfflt3f-^'£-M/j\t) D , F e R A 

[0 01 9] mm^iih <:')Xt>ili£ . C V E) W ^ JtH 

> 3 y^t^ntl. zim, jiffi L <{i, T i ±^(5-1 

tZ'T i NT Ji-:.T, ::i7.)T i N±(CfeS A 1 ( C u K 

T . A 1 $r.'N*^- y ft L , //'OX y ^ > /-t I, , 
-g..^Ti'>?'JlJi{i, Fe RAMmit>'i--'l. tZj;oT|^ 
HKWC. Ci0rx-./Wi5 0 O 'C^illT- 
$) <7)T' . 4t(C, .X ^ 7 ^ -t: - > 3 yfiLJlI^lcfc I, > 
T. .X{i,?'Iili7D-<7)*^>0t\ 7^-$>/ - //.xjflg 

[ 0 0 8 0 ] fftKiM# ( fa*!^iiiii ) - ^m-t I C u ZS 

3> Ty+;-^)±(c I LDeit«L7t:fS-/:'^'*fi L "'^ mm 
ItiX 'ji,zT--ii'imnt^ltii. 3 yf'y^ • X 
•y^y;5''tt(S*K^*1-|.;^cV5(c, -^W K'^.^-yl.O'N'.J 

[GOBI] CMPf*(C. C vrncj; 0 S i CONi?;){i 
V^X•y^ • ^vh.y7- ( 1 5nm) t^ttHL. t^KCOim. 
as I MDi7)Jtm?i^"g£t' , S i C ONiOfttiiOsil 1 ( 1 5 
n m ) X -y ^ • 7. h -y r<7)itTi//eE< o ^f, 'J V 
7 7 -f ^ ffiffl LT tr ^ AN;^- y ft-r S , IK^-^T. fr 

■ x-y^>'/{i, Tie^i, m-hmmim i^ti 

m-^) , S i CON, I MD. S i CON, I LD, S 
i 3 N 4 . A 1 Ox 2r il-. T X ^y f - >- ;?'t^<S= T"*) 

s i:::N4s.f/A 1 o-icommii. mzmmitz^ ix 
(Sffl L T ) t:T^-mti . 'ifj^y u y ;?'7 7 -f l 

T;<5'./^:ff(l!S:y^°^-y|l:t•2.o ^ji:v->-C', ;<^/L -X-y 

f-y/ti, ]ii?^L<(i- RltPfiihll (-i^a-ri.Ji^) s 
i C O N.SI/ 1 M Di^) A2:x -y f - y ^ L , C J: X 
TCOS iCONM±X'W±th. d:^X\ U-JXhzW. 

^1,^1? imi/^'T^m^h . t'T • X y ^ yym 

II' • x-yf-y7Wf^t. ■ffflnrB£^^;';f!iTO;J: D 



Ji, C u ^- ]m<?Mm.. Rl/C uc/M^:^ -y^Xim 
[ 0 0 s 2 ] imf^^j:Z> •y-iiij%mitlti:^^zttimt 

'•/-il CX D^^^^iitcrmKc^y :L-.'\j:iCr>F e RAM 
in-^^ n< I tz t % {.1 - r^'^ $ iitz 3 >- 5^ ^ h • x >•/ ^ > 
7 fiii'.)^-Ci')7-7L iir^ffl(.-^S£-^*^'J5 D . F e R A 

-(:: fi (t^C «7:)H$.iirt'^i7 $ it & £WS> I. <, 

[ (.) 0 s 3 ] ' N- Y -? X y w^mymmv-^- k -^y^ y 3 

r-vX7 3 1 2{.j;, 3'Ji7))H, R[l*.±Mffl, ^TbIIS.!)^' 

? y h^c\m-i'h X '.> (c . 3 1 0 ■■'3 0 s . 

l^■^;'U-.Wfj//'^.7^-^-, /s_ t--7.-/.7^')r(:.f[n/i{i:, fi-t l 

<(i, ji;;nt'<'.jr;i3 o 2c7:)x-y^>./(-it.t2,i=^1:-V/. 

I '0.'V > h ti {1 . IC-Ji ' < 'J Tia 3 0 2 0)X. v -f > ^'if , 
Vi:ni> ^ \} 'm 3 0 2Rl<> '.- ]''' y.90)}:MW?\^tt><- 
'ir)g 3 0 20)x. .7+> .^'■'45(:v^-F-^7.;7^ tt f^ffl 

-r . ^ N- Y -7 X V I .(B]J3 /AL'^cl ipgjit i , N ij T 
Js 3 0 2 . 3 0 1 . 3 0 6 . ±31^® 3 QSR 

^')i?;:[Hi)S(i , /If a; L < {± . D >^ >->t- • x :?- -y 
-rrofj.v^;')x •■/-;-> 7 fStc. .t^^S-.^lK. -ci0^4?^S,. 
v^-l'v.x7^:)J^fc^Hi)e^- 4tiL <il. ±g|5m»c*+L 

t fj )juu'j^i-m' < \) r tlx \Ym I , Y^yt 

-nteSiCN'JT • X y-;-/vy :?9Jifi5:LKn>-^^/ hlfjjjS; 
(cx .y ^ > ./ ■ .7. h -y i: L T f^ffl L . 

l-.fii51;t'>iir^7-t/|,#|il;L., S XTi?^ .X>' 
I- y'/TT /f l- ^. t b IZ , f&TK^) 3 > .'J' 7 h • X -y ^ >' 

.- V ■? rA 7 omamii , ffi L < (i, T i A 1 
mpK^tj: ') .. ;? 5 1 U - 3 0 II ir. . J; DSf 4 L ■< 
«i , 2 0-75 n m , i i L- < {i , 5 0 n nig 
S-CJ).<;.., >s-V-7Xya)f\i^mi.i. T i A 1 O,, T 
i A 1 (.) N ., S i (J > , S i N . A 1 Ox .. I r , I r O 

4- ':) . -A^o $ {i , i&^rs orms 0 2 c^m 

5 JtC'^aiDiti , teHi'< 'J Til 3 0 2 HMffl $ iXfzJ:. -v f- 
>:yir«WJ(::|j?:Bt^ < 'J rm 3 0 2tim^ii^^mmm<r> 
x-y + >'/iStR14.J:lzJ;0tft5E$n^-., <-c7)<?${i.. if 
SL<{i. $'J1 0-50 I. rn. J;t)^fiL<{l, T.-J20 



6 ) ) 0 1 - 2 1 7 4 0 0 ( P 2 0 0 1 - 2 1 5S 

-4 0 ri m . MhMt L < Ji, 0 n in^ifgT-.t)^,. 
r\-FV.Xi?(7J±[ffl)i{i, T i A 1 A 1 , A 1 
S i O, , S i N Xi±Zii to ayf^MPyx^ ^ y 9^ L < Ji 
ft^^^/b-t+A^^,^' /ro 1 0-4 0 0 n nu i Off 4 
L<tt, *.^j5 0-3 0 0nm. ft^j*f4L<{i. $^2 0 

0 nmg/t T^>S. Jn.tT, )^^-'9:z.yy ■ y 
-K V Vy7. VMti'>^— 9 ■ 7.^ ■•/ y pnx -i^f y 

1. S.l^'BARCli'.^T (ffM$fLtV^-g.t * ) {3. A 
1 2 O3 cT) J; 0 ^-x -y if- >-^y/-Illi^>M$-:}cOjWV ^1 ^ffM 
IXIX^K ... 

1 0 0 8 4] MyKM^ y9 7 Fx ■/ ^> /(?:).^]5l0iJS-r 
SmtS ( H 1 c7,)Ji 1 2 8 13 0) ^ F 7 7"IS ( H 

1 c7;) F ^ A 711 14 0) (cjf i£-r 1. Ttiis^ , mim 1 ® - 

1 6 9 1 (TiKn- 1 7 0 5* 
□ * X -/ ^ yy-th tzifxrm L v >x f-> / fb^|g-d!iS. 
A 1 Ot&t^/Xt±A 1 Nt±, tStXys-'^TS-Jj^lDc 

Bjtt I. cfc 'J hzimm^Kmzjz 7-^mt ^ni 3 
%mmi5'&mf:^ ■•> ^y^wt . ±.mnmi^zm-i> 3 

> F^X yf-y ^' (HPt;>. gfk^-'f ^;iA 1 OxS. 

l.'^'/XtiA 1 NlsriloTx-yf- >-:?■■) -rs,7ty)i7)te7l< 
Sx y ^ y .-MIX.. ^ cox -y f - y ^' ?S 
Rl^x.yi-yy^mii. ^^m<^)^y^7h -x-y^y 

(c. T i A 1 N(cif^L TBffiiH-51JRfi^T'=5r{tii{f^-f>^r 

AR Cl$rx -y ^y^' L•Cffil:^l?^rffM^I>^.WJ ) 
X-y^y:;''?g{i, CF4. CsFg. C4F8, CjFg, 
F.,. NF.iXiiHii^co{iM^m^-kh^-/}>hKi:*0. 
oSftKti. ^^•^7'77:-v't;yf?Vv.tL/^§il-|). X.y 
f-y7?S{±, #jDe^C{4, Ar, Nv, O2. O3. C 

O . N2 OX\iZ.ixh<r)iS:MaM^-^h't-b^i::>t£h . 
[ 0 0 8 5 ] g^^tc. ^^W^c^ZommUi. TfSiT) 

<{i. T i A 1 m}-c^^j:h) X yf-y^'glfKttWf^L 
(,>3y^y-»fi§m(* (itiL<(.±- PZT ) 
(cx -y ^ y7-mm.m.\t-thz t . 3 yr y-^|l§m(*Ji 
<^jz-,^y9'WxmM^^h^'j\,zx ^mv^'U ry^ 

mt| r fi^ ffl 1 1. ^ t - file 3 y f y -^mmft c7)x y ^ y 
jIS S: igJn t liBuiex y ^ y ^ JaS ar ^-t? 
«*^ffl-r I. C . luien yry-tf cox -y ^ y ^-ili^*: 
(KT $ -tirit 1. 1512' n- K ^ ^x -y ^ y ^' jl ig ^ 

J; fi (cfiisx-y ^y;?mBsmr#ti'a&figffl-r 
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^ >■ /-r X v -7- > /^R . -1- > y'*im irr f^^ 1" 

{5 , C 1^ ) tR!iiL -<:Tie^'.)''*bi7.)lW±i7.);>-X, IP 

BC Ij/NC Is. CC I4. C.<C ly, S iC 
1 4 . XiiZil ^.c7;)f^s^ffl^A^^i?^+^ figfB-r C t /;>' 

<7) ]. J.:J.±c7;)75'.X , Hpt> . . N 2 O . C O . CO,, X 

*^ti'ffl (SfiL<{l- CF4) (.cKliIL-CTie'?):i*> 
(7) 1 W.±tfO;*'.X , HP , N F 3 . C , F , . XJ ± C A, C75 

[0086] M£iW^:*2Sf*^-y r±(C5g(iili^'ii^ji5t 

S - T)ii7) V - x , K I. -f > TkU f- V mMznt h 3 
y9yv\t. ^y7:Kry'Mi^y7'y^'fy - 
V O) r V 9' 1 1 4 O) i 'J (c , r 7 r m L T Jf^sJc $ ii 
■C<.>^-.. I14(C^1-J;';(C, 9y77.n~y Ty f^Zi. 

h^M L 7^cPa1M{i , c V D 9 > yxf - y i^ailcfc: 7 y/ 
7.n-y\>ZJi>^^i\h%i H4 0 4 (b-r(Cfclt&v-A 

7->^)|i^ict3(c;$' >:Xxr> • ry7Vif\ 1 1 4^-^ffi 
[aFjf4 0 6-//ffM$ii^., C^7)iH]F;t{i^^TlB^?|± 
^•2.., ¥ll=5:^ffi{i:. w><o/j>cofii;?)^^j F e RAMn 
> x>-^i!f^tci: '.-Cffli % 1 , n > T>-t • 

'r-mmM>nwm%'m > < 'j t t l -c %mt a o & 

^zmb.^^ht:>f^\z9y77.ry ■ y'y 7'(^y^\tizm'^ 



tm\zvm^'^h. 

[ 0 O S 7 ] gt^t; : 4^.iBfl^')^iiEpij{±. \mwi^ 
mm>^A 7^(rM\%\zw.mfih \\:)±eM%mm. .x 

t-wi^oymm'i , us a -06 c , eh 

7 a-117 d . dS a— US dS.i/'119 a— 09 e 

[ 0 0 s s ] i^%m^-%w\\i , m i omw&.y^ 'J r 
;i 1 2 2 h L T5F-rigmtt}£t5c'< u rm\ 3 o 2 ^^^JIv ^ 
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